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Resuscitation, according to the Concise 
Oxford Dictionary, means "Restoring to life, 
consciousness, vigour". There are other 
meanings but these are the three that concern 
us in the practice of medicine. The three 
words, life, consciousness and vigour are by 
no means synonymous; there is a difference 
in the ability of various tissues to resume 
complete activity after suffering various 
periods of anoxia. Fundamentally anoxia is 
the ultimate cause of death of all living 
tissue and of all living creatures, although 
medico-legal experts, pathologists, clinicians 
and the lay public recognize different causes 
of death, e.g., cardiac failure, asphyxia, ac-
cidental death, haemorrhage, etc. When 
pushed to their logical conclusion, these ap-
parently different causes all come to the 
same thing. Somehow vital tissues or organs 
have been denied for too long adequate sup-
plies of oxygen. At some stage, in its jour-
ney from the surrounding atmosphere to its 
actual metabolic chemical action in the cell 
substance, there has been a block. Oxygen 
may be absent or deficient in the ambient 
atmosphere. There may be some inadequacy 
in the amount reaching the alveoli of the 
lungs due either to absent or inefficient res-
piratory effort or to some obstruction any-
where along the respiratory tract. There 
may be interference with the passage of the 
oxygen from the alveoli into the blood 
stream, or inadequate haemoglobin to carry 
enough oxygen, or inefficient circulation to 
distribute the oxygen to the various tissues. 
Finally, although enough oxygen may be be-
ing carried efficiently in the blood to all 
vital structures, the cells may be unable to 
absorb or use the oxygen they are offered 
due to the presence of various tissue poisons. 
Thus we see that whatever the cause of 
death, asphyxia, respiratory failure, haemorr-
hage, circulatory failure, or poisoning, 
fundamentally it is lack of oxygen for 
metabolism that kills the individual cells first 
and then the organism as a whole. Every 
cell in the body requires oxygenation. The 
more highly specialized tissues, nervous tis-
sue, for example, and especially the cells of 
the central nervous system, are very vulner-
able to oxygen starvation while the more 
basic undifferentiated tissues can recover 
completely after relatively long periods of 
anoxia. Therefore after a period of anoxia 
or hypoxia, for complete recovery of life, 
consciousness and vigour, it is essential that 
the most highly specialized cells, those of 
the brain, have not already suffered irrepar-
able damage. If they have, it may still be 
possible to restore life but not consciousness 
or vigour, or even life and consciousness 
with some impairment of intellect, that is, 
mental vigour will be permanently lost. 
It is generally accepted that the brain can 
stand 3^ to 4 minutes total anoxia and cor-
respondingly longer periods of hypoxia or 
partial deprivation of oxygen. In resuscita-
tion, time is of paramount importance. It 
is important therefore to recognize what 
must be done immediately and what can 
safely be deferred until essential action has 
been taken. 
By essential action we mean restoration 
of adequate oxygenation of vital organs 
especially the brain. In extreme cases where 
the victim of trauma is apparently dead this 
essential action consists of instituting an 
artificial respiration and circulation, as 
neither is the slightest use without the other. 
Both systems should be maintained until they 
are both spontaneous and adequate or all 
hope of revival has been abandoned. 
As a first aid measure, away from properly 
designed resuscitative equipment, mouth to 
mouth artificial ventilation of the lungs and 
external cardiac massage may indeed be 
life saving. External cardiac massage is the 
term applied to rhythmic compression of the 
victim's heart between his sternum and spinal 
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column by pressure with the heel of the 
hand on the lower sternum, and it has been 
shown that this simple manoeuvre can re-
store and maintain an adequate circulation 
for quite a long time. If there is obvious 
external bleeding from injuries it should be 
controlled by pressure; it is no use restoring 
circulation merely to pump all the victim's 
blood out of his body. 
It must be stressed however, that these 
procedures are only first aid, and no time 
should be lost in bringing the victim to 
where he can receive more scientific treat-
ment. Mouth to mouth inflation of the lungs 
with expired air is only a poor substitute 
for intermittent positive pressure with pure 
oxygen or oxygen enriched air. Its great 
merit is that it can be administered im~ 
mediately. 
I mention this because the idea of mouth 
to mouth resuscitation has captured the pub-
lic imagination so fully. At a recent inquest 
on a patient who died in the operating 
theatre, and who, throughout the attempt at 
resuscitation, was given pure oxygen from 
the anaesthetic machine through an endo-
tracheal tube, a lawyer asked why mouth to 
mouth resuscitation had not been employed! 
Restoration of the circulation to a com-
pletely efficient level may be more difficult. 
It may be necessary to apply strong electric 
shocks to stop the heart fibrillating. Absence 
of effective heart beat may be the result of 
either cardiac asystole or ventricular fibrilla-
tion. The latter condition I can best describe 
by saying that the heart muscle, instead of 
contracting and relaxing regularly to force 
blood out along the arteries and suck in 
more blood from the veins, is doing a sort 
of "Twist" or frenzied irregular sustained 
contractile activity which cannot sustain a 
circulation. With proper equipment, pro-
vided that the heart muscle has not been 
anoxic for too long, it is usually possible to 
stop ventricular fibrillation by electric shocks 
without opening the chest. External cardiac 
massage and oxygen may then induce the 
heart to start beating spontaneously. 
Fortunately only a small proportion of 
accident victims present us with this ex-
treme picture of cessation of respiration and 
circulation, but the majority will be found 
to suffer to a greater or lesser degree from 
shock. Wo If son (1962), Consultant Anaes-
thetist to the Birmingham Accident Hospital, 
has defined traumatic shock as "a condition 
following injury associated with low blood 
volume, diminished cardiac output and re-
gional vasoconstriction; it leads, if uncor-
rected, to hypotension and collapse." 
The essential feature of traumatic shock is 
the low blood volume. To account for this, 
fluid must be lost from the circulation, either 
directly by haemorrhage from torn blood 
vessels or indirectly by exudation of plasma, 
as in burns. Traumatic shock may be con-
fused with or complicated by neurogenic 
shock, which is a condition brought about 
either reflexly as from a severe blow in the 
so-called "solar plexus" or from the psycho-
logical insult of an accident. An ordinary 
faint, or vasovagal syncope is a common 
example of neurogenic shock. In neurogenic 
shock alone there is no loss of fluid from 
the circulating blood, and no vasoconstric-
tion. On the other hand there is a vasodila-
tation, with pooling of the blood in the 
vessels in the lower part of the body, which 
may cause cerebral anoxia in the upright 
position. The condition is usually easily 
cured by tilting the patient head down so 
that the brain is benefited by the vasodilata-
tion. In pure vasovagal shock there is no 
indication for increasing the blood volume 
by transfusion. 
Vasoconstriction in traumatic shock is a 
defense mechanism of the body in an at-
tempt to conserve the cerebral circulation at 
the expense of the circulation to the skin, 
muscles, kidneys and splanchnic area. As 
far as the skin and muscles are concerned 
this reaction of the body may have much to 
commend it but the kidneys cannot do with-
out an adequate blood supply for more than 
a short time, so the vasoconstriction, if pro-
longed, may do more harm than good. The 
urgent necessity in traumatic shock is to re-
store the blood volume to normal, and then 
to cut short the vasoconstriction. Vasocon-
strictor drugs have no part to play in the 
treatment of traumatic shock. The body is 
doing all the vasoconstriction that is re-
quired and, provided that blood volume is 
restored to normal, there is probably more to 
be said for the use of vasodilator drugs. 
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There are a number of other conditions 
which may be mistaken for traumatic shock, 
and may occur coincidentally with it, caus-
ing confusion in the diagnosis. In addition 
to vasovagal syndrome already mentioned, 
hypotension may occur from vasodilatation 
due to spinal injuries, sensitivity to sedative 
drugs, air or fat embolism or from severe 
chest injuries causing haemothorax, pneumo-
thorax or bleeding into the pericardium re-
stricting the efficiency of the heart beat. 
Medical causes of collapse such as hypo-
glycaemia, adrenal insufficiency or coronary 
thrombosis may actually have preceded and 
contributed to causing the accident, and may 
be difficult to diagnose in the absence of 
previous history and the presence of obvious 
trauma. 
Before the patient reaches hospital and 
the opportunity of restoring blood volume, 
well-meaning first aiders may complicate the 
picture in other ways. In traumatic shock 
the patient can only tolerate very small doses 
of drugs, and normal doses of morphia or 
pethidine may contribute to the pallor and 
hypotension. Hot sweet tea, the standby of 
of the would-be-helpful bystander, while no 
doubt comforting at the time, could actually 
be the cause of the patient's subsequent 
death. Emergency surgery may have to be 
performed to save life while there is still 
food or drink in the stomach. Statistics show 
that the commonest cause of death under 
anaesthesia is inhalation of vomited or re-
gurgitated gastric contents. Giving an acci-
dent victim anything to eat or drink may 
therefore be a kindly but homicidal act. 
In most cases the low blood volume is due 
to actual blood loss from ruptured blood 
vessels; to restore the blood volume to nor-
mal, the ideal substance to use is blood. 
This seemingly obvious and relatively simple 
method of resuscitation from traumatic shock 
is not even today always recognized as being 
of paramount importance and urgency. When 
accident victims are admitted to hospital 
they are usually assigned to the care of a 
surgeon because of obvious injuries that will 
require surgical treatment. If there are ob-
vious fractures it may be an orthopaedic 
surgeon, head injuries may be under the 
care of a neurosurgeon, chest injuries may be 
in the province of the thoracic surgeons and 
so on. Specialism in medicine has very real 
advantages, but it also has its disadvantages. 
The more highly specialized the doctor, the 
less will he know about things outside his 
specialty and the more will he tend to focus 
his attention on that part of the body which 
is injured and calls for his special care. It 
may be more apparent to a general observer 
that specialized care to any part must take 
second place to saving the whole. It cannot 
be stressed enough that true surgical emer-
gencies requiring immediate operation are 
extremely rare, and Greene (1963), Professor 
of Anesthesiology at Yale University, has 
pointed out that "probably more patients 
are endangered by ill-advised emergency 
management of subacute situations than are 
endangered by delayed treatment of true 
emergencies". 
Even if it is surgically essential to operate 
within a few hours of the victim's admission 
to hospital, the patient will stand the stress 
and further trauma of the operation, and the 
physiological insult of the anaesthetic, much 
better if his general condition has previously 
been restored to as near normal as possible. 
Before surgery is undertaken, the trau-
matic shock must be corrected if possible by 
the restoration of normal blood volume by 
urgent blood transfusion. 
A certain time is required for the grouping 
and cross-matching of blood in order to 
avoid the tragedy of mismatched transfusion, 
and if blood is taken and sent to the 
laboratory immediately the patient arrives 
in hospital, the delay in waiting for the 
correct blood will be reduced to the mini-
mum. A glucose or saline drip, or multiple 
drips should be set up as soon as possible 
so that as soon as the donor's blood is avail-
able it may be run in without further delay. 
If the shock is not very severe the patient 
will not deteriorate too much while waiting 
perhaps two hours for the fully cross-
matched blood to be available. 
In more urgent cases provisionally cross-
matched blood can be had in little over 
half an hour. If even this delay threatens 
the life of the patient, Rhesus-negative blood 
of the correct group, uncrossmatched should 
be given and in extreme cases where the few 
minutes required for grouping the recipient's 
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blood is too long to wait, Rhesus-negative 
group 0 uncrossmatched blood should be 
given. These initial transfusions should be 
given as rapidly as possible, until the 
physical signs indicate that normal blood 
volume has been restored. The rate may then 
be slowed down to balance any continuing 
uncontrollable haemorrhage or further loss 
caused by surgical intervention. 
Estimation of the amount of blood lost, 
and of the amount required to restore nor-
mal blood volume may be difficult. Blood 
spilt at the site of the accident or lost in 
transit will not be visible to the resuscita-
tionist and eye witness testimony may be 
unreliable, and whereas swelling of limbs or 
superficial tissues may provide some guide 
to the amount in haematomata, haemorrhage 
into the hollow cavities of the abdomen and 
chest and deeper structures may be profuse 
and immeasurable. 
We therefore have to rely on the clinical 
signs of acute blood loss, the pallor, cold-
ness, sweating, rapid pulse, hypotension 
and absence of venous filling in the big 
superficial veins of the neck. When the 
patient is pink, warm and dry, the pulse 
slows, the blood pressure starts to rise and 
the veins in the neck fill again we may 
assume that enough blood has been given 
rapidly and the patient is fit for surgery. Of 
course in each case some of these conditions 
may be unfulfilled and it becomes a matter 
of clinical judgement for the resuscitator to 
decide the optimum time for surgery. 
It is important not to overtransfuse. Apart 
from the mechanical disadvantage to the cir-
culation of too great a volume of blood and 
the dangers of consequent pulmonary 
oedema, there are the hazards of trans-
fusion itself, multiplied by every additional 
bottle of blood given. 
Overtransfusion is only likely to be a 
danger in children or old people. Children 
have a normal blood volume varying accord-
ing to their size from half a litre at the 
age of six months to about 3 1. at about 
12 years of age and thereafter during 
adolescence increase their normal blood 
volume up to 6 or 7 1. It can be seen that 
in children a small amount of blood loss 
can seriously deplete the normal blood 
volume but conversely only a small replace-
ment is necessary. In old people the adapt-
ability of the cardiovascular system is very 
diminished and a small loss or small excess 
can cause the system to fail. 
The dangers that can arise from the trans-
fused blood are fourfold. Reactions to 
foreign antigens, upset of electrolyte balance, 
infection and colling of the heart. 
Most incompatibility reactions can be 
avoided by careful crossmatching, but in ex-
tremely urgent cases blood may have to be 
given without waiting for compatability tests 
and some reaction may be seen. At the first 
sign of any reaction the suspect bottle should 
be replaced by a fresh one. Homologous 
serum jaundice may be caused by blood 
transfusion and more commonly by plasma 
administration. 
Blood transfusion has been thought to 
cause citrate intoxication, low serum calcium, 
raised potassium and acidosis. The wisdom 
of administering intravenous calcium to 
counter the citrate induced hypocalcaemia 
has been challenged by Howland (1960) who 
claims decreased mortality since discontinu-
ing this routine, and that raised serum 
potassium is mainly an indication of acidosis 
which can be relieved by hyperventilation* 
Wylie and Churchill-Davidson (1960) say 
that intravenous calcium is only indicated in 
infants during exchange transfusion and in 
adults if the rate of transfusion exceeds 5 
litres an hour. 
While every care is taken to avoid trans-
mitting infection in transfused blood, con-
tamination with undetectable virus is always 
possible and it is very possible that the 
prevalence of infective hepatitis may be 
partly due to the widespread use of blood 
transfusion. 
Blood is stored in a refrigerator until it 
is needed and when large quantities are 
poured quickly into the veins of a victim of 
trauma it must be a very potent factor in 
lowering the temperature of the patient, and 
of his heart in particular. The cold heart 
is very liable, especially if anoxic and 
acidotic, to ventricular fibrillation, a most 
unwelcome complication of the treatment of 
shock. It has been suggested that, to avoid 
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this, the tubing between the drip chamber 
and the recipient's vein should be dipped 
in a jug or basin of warm water. 
It is easy to realize that the patient's in-
juries may be so severe and he may be 
bleeding so profusely internally that, in spite 
of massive transfusion, there may be little or 
no improvement in his condition or even 
continued deterioration. In these extreme 
circumstances it may be necessary to operate 
as soon as possible to try and arrest the 
haemorrhage. With a patient in such a pre-
carious state the operation is extremely risky 
and may well be doomed to failure. In the 
vast majority of accidents however, timely 
and adequate transfusion will restore normal 
blood volume and render the patient in a 
fit condition to undergo surgery for the re-
pair of his injuries. 
It should be superfluous to reiterate that 
an efficient circulation is no use without the 
co-operation of an efficient respiration to 
oxygenate the blood. At no stage, therefore, 
of the resuscitation should respiration be 
overlooked. Unless the injuries have inter-
fered with the mechanics of respiration or 
there is depression of respiration centrally 
by head injury or sedative drugs, the oxygen 
saturation of the circulating haemoglobin 
will be normal and there is no need to give 
extra oxygen. Chest, neck or facial injuries 
may however present problems and it is of 
paramount importance to provide an ade-
quate and clear airway and maintain it. 
Unless these criteria can be assured by pos-
ture, some artificial aid must be employed, 
the most certain being the cuffed endo-
tracheal tube. Blood and mucus must be 
sucked out of the mouth before passing the 
tube and tracheo-bronchial toilet can be car-
ried out through the tube. 
Chest injuries may cause inefficient respira-
tion from paradoxical respiration due to 
broken ribs, haemothorax or pneumothorax 
may compress one or both lungs and, if 
tension pneumothorax is suspected, imme-
diate underwater drain of the affected pleural 
cavity or even both cavities may be drama-
tically life-saving. If respiration is depressed 
or inadequate due to injury the lungs should 
be artificially inflated, either manually with 
a small portable respirator such as the Ambu 
or Air-viva, or by a mechanical respirator, 
with oxygen enriched air. Hyperventilation 
will prevent a respiratory acidosis being 
added to a metabolic acidosis that may be 
caused by the altered metabolism of trauma-
tized tissues. 
Boerema (1959) and his co-workers have 
demonstrated that experimental animals may 
be kept alive even though all the haemo-
globin has been removed from the blood. 
This is done by placing the subject in a con-
tainer filled with oxygen at three atmos-
pheres pressure. Under these conditions 
enough oxygen is dissolved in the plasma 
to satisfy the metabolic needs of the body, 
and this method has been used by Sluijter 
(1963) to treat carbon monoxide poisoning 
and recently by Hutchison (1963) and co-
workers, to resuscitate the new born infant. 
It may well be that in the near future we 
may have to revise our present concept of 
treatment of blood loss. If we can find 
some innocuous artificial plasftia expander 
with which to keep the blood volume up to 
normal, we may be able to treat our acci-
dent victims in an operating room filled with 
oxygen at high pressure, and dispense with 
the need for blood transfusion with its 
attendant dangers. 
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